Abstract. This study investigates if the use of derivatives by corporations is likely to affect their financing strategies. I find a strong positive relation between the minimum revenue guaranteed by hedging and investment expenditures. This result implies that hedging increases the likelihood that investments can be financed internally. I also find that firms tend to finance their investment expenditures externally rather than internally. If external capital is more costly than internal capital it would clearly be in a firm's interest to reduce its dependence on external capital. Consistent with this result, I find that the median firm that does not hedge finances 100% of its investment expenditures externally, while the median firm that hedges finances only 86% of investments externally.
Introduction
show that firms may have an incentive to hedge if external capital is costly. In such case, firms use derivatives to increase the correlation between internal funds and their investments in order to reduce their dependence on external capital. The purpose of this study is to test if firms indeed use derivatives for the purpose of reducing their dependence on external capital markets. 1 There are several papers that have tested the empirical relevance of Froot, Scharfstein and Stein's (1993) theory. The earliest papers have focused on a firm's decision to use derivatives, based on the notion that a firm is more likely to hedge if the cost differential between internal and external capital is large. 2 The empirical results show that the likelihood to use derivatives increases among larger firms and among firms with high R&D expenditures. A high R&D budget could indicate that external capital is relatively costly due to information asymmetries and the potential for asset substitution, but firm size should be negatively correlated with the cost differential between internal and external capital. Thus, the empirical results are ambiguous with respect to Froot, Scharfstein and Stein's (1993) financial constraints hypothesis.
A second line of research analyzes the extent of hedging. 3 It is not clear, however, why financial constraints should affect the extent of hedging. In the absence of any costs of hedging, firms should fully hedge, independent of the magnitude of their financial constraints. In the presence of costs associated with hedging, firms should still fully hedge as long as the marginal benefit of hedging outweighs the costs. Thus, for an interior solution of the hedge ratio to exist, the cost of hedging must be a convex function of the extent of hedging. Only in this case would a change in the marginal benefit of hedging, e.g., a change in the magnitude of financial constraints, affect the extent of hedging. This is a strong requirement, and the only example that Froot et al. (1993) advanced is the existence of a natural hedge in which cash inflows and outflows are positively correlated. Since hedging would destroy this natural hedge, the optimal hedge ratio is less than one. In light of this argument, it is perhaps not surprising that the empirical studies explaining the extent of hedging have provided largely inconsistent results with respect to the financial constraints hypothesis. Some authors, e.g., Haushalter (2000) , find evidence that financial constraints matter, while others, e.g., Tufano (1996) , find the opposite.
Finally, Allayannis and Mozumdar (2000) analyze the effect of hedging on a firm's investment/cash flow sensitivity. Following Fazzari et al. (1998) , they interpret a positive correlation between investment expenditures and internal cash flow as an indication of financial constraints, although Zingales (1997, 2000) criticize this interpretation on both theoretical and empirical grounds. Allayannis and Mozumdar (2000) show that firms that use derivatives display a lower investment/cash flow sensitivity than firms that do not use derivatives. This result is consistent with the hypothesis that hedging reduces financial constraints and thus lends support to Froot, Scharfstein and Stein's (1993) theory, but it does not address the broader question of whether hedging affects financing strategies.
Although the above mentioned empirical papers have provided many valuable insights about corporate risk management, they suffer from two methodological limitations with respect to testing the financial constraints hypothesis. The first problem lies in identifying financially constrained firms. In the past, researchers have relied on proxy variables such as firm size, debt and liquidity ratios, marketto-book ratios, dividend policies, existence of a public debt rating, investment/cash flow sensitivities, etc. to measure the existence or the magnitude of financial constraints. Whether or not these proxy variables are successful in picking out financially constrained firms is highly controversial. 4 Second, researchers who study the effects of risk management typically rely on a control group that represents how derivatives users would have behaved had they not used derivatives. If the decision to hedge were random, this approach would be valid and differences between hedgers and non-hedgers could be attributed to the use of derivatives. However, previous studies have shown that the decision to hedge is not random but rather a deliberate choice. Of course, there are econometric models that can control for the implied selection bias. Since to date we have only a limited understanding of this choice, it is unlikely that we can eliminate the selection bias completely, indicating that alternative test procedures are warranted.
To avoid these limitations, this study pursues a different method to answer the question, "Do firms use derivatives to reduce their dependence on external capital markets?" Instead of analyzing differences in financing strategies between hedgers and non-hedgers, this study determines if firms hedge their future investment expenditures. More concretely, this study examines if hedging increases the likelihood that future investments can be financed internally. 5 In addition, I investigate how firms finance their investment expenditures. If it can be shown that firms hedge their future investment expenditures and that the marginal investment is financed externally, then this would constitute indirect evidence that firms hedge to reduce their dependence on external capital markets. The advantages of this approach are that it is not necessary to distinguish between financially constrained and unconstrained firms and that the group of non-hedgers need not be used as a control group. The disadvantage of this approach is that it provides only indirect evidence.
The sample for the econometric analysis is the North American gold mining industry. This sample choice has several advantages. First, financial constraints appear to be an important concern in the mining industry. Second, the similarity in risk exposures among gold mining firms implies that differences in hedging strategies are not merely reflections of differences in risk exposures but more likely reflections of differences in firm-specific factors such as financial constraints. Third, the detailed derivatives disclosures and similar accounting treatments of derivatives transactions among gold mining firms make the above mentioned test method feasible. 6 Consistent with previous studies, I find that larger and more mature firms are more likely to use derivatives than are smaller and less mature firms. The significance of the risk exposure is a further important determinant of the decision to hedge. Less diversified firms are more likely to hedge, which is consistent with the findings of Allayannis and Ofek (2001) . More importantly, I find a strong and robust relation between the minimum revenue guaranteed by hedging and investment expenditures, suggesting that firms hedge their future investment expenditures, as predicted by Froot et al. (1993) . In addition, I find that investment expenditures are a major determinant of the amount of capital that firms raise externally. Finally, I find that the median firm that does not hedge finances 100% of its investment expenditures externally, while the median firm that hedges finances only 86% of its investment expenditures externally. These results are consistent with the hypothesis that firms hedge to reduce their dependence on external capital markets.
The results are also consistent with Minton and Schrand (1999) who show that cash flow volatility reduces investment spending. Since accessing external capital markets is costly (see Myers and Majluf (1984) ) firms do not raise external funds to make up for all their cash shortfalls but they also cut investments. The appropriate response to this underinvestment problem is not necessarily to reduce volatility per se but to reduce the negative impact of volatility on investment. By hedging investments and hence reducing their dependence on external capital markets, firms seem to be following this rationale.
The remainder of this paper is organized as follows. Section 2 develops testable hypotheses. Section 3 provides some background information about the gold mining industry. Section 4 describes the data and the construction of variables. Section 5 presents the econometric results. Finally, Section 6 concludes the paper. Froot, Scharfstein and Stein (1993) showed that firms have an incentive to hedge if external capital is more costly than internal capital. The purpose of hedging in this case is to align cash inflows with cash outflows to avoid the use of external financing. Hedging in this way generates additional cash inflows in those states of the world in which a firm experiences a cash shortfall. For example, if a firm is long in one asset and faces certain expenditures in the future, then the risk management objective can be achieved by purchasing put options (insurance) or by going short in forwards. The firm's future cash inflow would then become certain up to the hedged amount, ensuring that future expenditures can be financed internally. Pegasus Gold, a North American gold producer, seems to have adopted such a hedging strategy. In its 1997 annual report, management writes, The company entered into forward sales contracts to hedge the price risk associated with its gold sales and to assure itself of a fixed future income stream over the lives of its operating mines. Froot et al. (1993) theory would predict that this fixed future income stream is positively related to the firm's expected future investment expenditures. Hedging in this way would imply that future investments can be financed internally independent of future gold prices. To test this proposition, I estimate the following regression model:
Hypotheses Development
where FFIS denotes a firm's fixed future income stream and I denotes the expected investment expenditures over the next year.
7 A firm's fixed future income stream may not only be a function of its future expected investment expenditures, but also a function of the availability of other internal and external financing sources. For example, if a firm keeps a high cash balance, then it does not need to hedge as much. Therefore, appropriate control variables are added to the above regression.
The next step is to determine how investments are generally financed. If firms hedge their future investment expenditures and such investment expenditures are generally financed externally, then this would represent indirect evidence that firms reduce their dependence on external capital. 8 If investment expenditures were generally financed internally, however, then hedging would not change the mix between internal and external financing because hedging cash flows are themselves a form of internal financing.
To test if investment expenditures are an important determinant of the amount of external financing raised, I estimate the following regression model:
where FINCF stands for a firm's financing net cash flow, i.e., the net amount of external capital raised. The coefficient β measures how much external capital firms raise on average to finance one dollar's worth of investments. Since the amount of external capital raised should also be a function of the amount of internal funds available as well as the financial condition of a firm, appropriate control variables are added.
Finally, to facilitate the comparison of this study with previous research on risk management, I analyze the determinants of the decision and the extent of hedging. Since firms that are more financially constrained have a greater incentive to hedge, I expect the decision to hedge to be positively related to the magnitude of financial constraints. However, as explained in the introduction, it is not clear why the extent of hedging should be related to the magnitude of financial constraints. I therefore expect there to be no or only a weak relationship between them.
The Sample
In order to calculate a firm's fixed future income stream, one must have detailed knowledge about the nature of a firm's risk exposure and its derivatives positions. The gold mining industry is, to my knowledge, the only industry in which risk exposures are sufficiently simple and in which derivatives disclosures are sufficiently broad such that the fixed future income stream can be calculated for a large number of firms. Moreover, the gold mining industry is an almost ideal candidate for analyzing what effects financial constraints have on hedging strategies. First, the industry focus implies that the sample firms share similar risk exposures. Thus, differences in the observed hedging strategies should not be a mere reflection of differences in exposures, but are more likely a result of differences in certain firm-specific characteristics such as financial constraints. Second, the accounting treatment of derivatives cash flows is the same across firms in the mining industry. This allows me to infer firms' cash flows with and without the effect of hedging, which is important for the construction of the control variables. Third, financial constraints appear to be a significant concern in the gold mining industry. Relatively few firms rely on debt and the firms that do tend to have poor credit ratings. The average S&P senior debt rating for these firms is BB, which is below investment grade. The causes for this may lie in information asymmetries and the concentration of most firms on only gold mining activities. Information asymmetries exist with respect to a mining firm's major asset: the quality and quantity of the gold deposit in the ground. Outsiders can verify drill results only under great cost. These information asymmetries cause debt capital to be relatively costly. In addition, mining for gold is a high cost/high risk business. The major financial risk exposure is the future spot price of gold, which is determined by world demand and supply and hence not under the control of an individual firm. The gold price exposure is aggravated by limited operational flexibility. For example, unit production costs are mainly determined by geological factors of the deposit, giving management little flexibility in adjusting costs. In addition, firms in the gold mining industry tend to be small and undiversified. Most firms focus exclusively on the extraction of gold, which further increases banks' reluctance to extend credit to them. 10 In times of depressed gold prices, especially since 1998, even equity capital can become prohibitively expensive. 11 Hence, it appears that gold mining firms could ex ante gain significantly from financial risk management that reduces their dependence on external capital. Finally, the use of derivatives is widespread in the gold mining industry. By 1997, 70% of all gold mining firms had implemented risk management programs.
12 This is about twice the average of non-financial firms in the US.
There are four other papers that have investigated risk management practices in the gold mining industry. Tufano (1996) tests several theories of corporate hedging. He assumes that firms hedge their future gold production and finds evidence mostly in support of theories of managerial risk-aversion. My analysis differs in two important aspects from that of Tufano's. First, I focus on the fixed future income stream guaranteed by hedging, while Tufano calculates the delta of the hedge portfolio. Second, I test whether firms hedge sales/production, cash flows, or investment expenditures, while Tufano implicitly assumes that firms hedge their future gold production. These differences are significant because if a firm hedges in order to alleviate the effects of its financial constraints, then the hedging portfolio must ensure that internal funds are sufficient to finance the firm's investments. The question then becomes how much of the future gold production must be sold short to guarantee that x dollars are available for investments in the next period. Whether this entails hedging, say, 20% or 40% of production is not a function of financial constraints, but a function of the size of the firm's investment program. Therefore, one should focus on the fraction of investment that can be financed internally, rather than the fraction of production that has been hedged when evaluating the effects of financial constraints on hedging strategies. Brown et al. (2001) examine the time-series characteristics of hedge ratios in the gold mining industry. They find that little of the variation in hedge ratios can be explained by traditional risk management theories. Furthermore, the authors find that some gold producers appear to have superior forecasting ability because an increase/decrease in their hedge ratios is correlated with a fall/rise in gold prices during the following one or two quarters. Two further papers examine the effects of risk management. Tufano (1998) studies gold price exposures for a cross-section of firms and finds that hedging has only a marginal effect on a firm's stock price sensitivity to gold prices. Petersen and Thiagarajan (2000) evaluate the hedging strategies of Barrick Gold and Homestake Mining, two major gold producers, and show that differences in operating cost structures could have led Barrick Gold to use financial hedges while they led Homestake Mining to use operational hedges.
11 "This [decline in gold prices] has limited the cash flow of many gold mining companies worldwide and restricted the access to capital through either the equity or debt markets." (TVX Gold Inc., 1998 annual report, p. 27).
12 See "Gold and Silver Hedge Outlook," Scotia McLeod Equity Research, 4th quarter, 1997.
Data Sources and Construction of Variables
Annual data on derivatives positions in the North American gold mining industry are provided by the 'Gold & Silver Hedge Outlook', a survey conducted by the Canadian financial analyst, Ted Reeve, between 1989 and 1999, and published by Scotia Capital. The survey provides information on the type of derivative instruments used, the size and direction of the positions taken, the delivery prices, and the maturity of each instrument for a total of 111 companies. These companies represent almost the entire North American gold mining industry. Companies that are not included in the survey tend to be small and privately held firms. Table I provides an example of the raw data. To ensure data accuracy, the survey data are compared with the derivatives disclosures in the financial footnotes of the firms' annual reports and 10-K forms. Most financial data are obtained from the active, Canadian, and research tapes of the Compustat database. Financial data for firms included in the survey but not covered by Compustat are collected by hand from the firms' annual reports and 10-K forms. Operational data, such as production and reserve statistics, cash costs, etc., are also collected by hand from the firms' annual reports and 10-K forms. Ownership information is obtained from proxy statements and management information circulars. Financial market data, such as gold spot and futures prices, interest and exchange rates, etc., are obtained from Datastream.
DEFINITION OF VARIABLES
The main variables used in this study are a firm's fixed future income stream, its expected future investment expenditures, and measures of the availability of internal and external capital. In addition, I include a measure of the extent of risk management following Froot et al. (1993) model and variables that have been used in previous studies to proxy for financial constraints. The construction of most variables is standard and therefore only summarized in Table II. Given that gold producers have an inherent long exposure in gold, the fixed future income stream equals the number of ounces of gold hedged (using forwards, spot-deferred contracts, 13 gold loans 14 and put options) multiplied by the respective delivery prices. For example, suppose a firm expects to produce 200,000 ounces of gold and enters into forward agreements to deliver 100,000 ounces at a forward price of $330 per ounce. Assuming the firm produces at least 100,000 ounces, it will receive a certain cash inflow of $33 million ($330 × 100,000) at the maturity Table I . Hedge positions of Placer Dome as of December 31, 1998. The maturity year of all contracts is given in the top of each panel.
The first column in each panel lists the number of ounces of gold that must be delivered under the various contracts. The second column lists the respective delivery prices, and the third column records the percentage of future gold production that has been hedged. SDC stands for spot-deferred contracts. A spot-deferred contract is like a forward contract except that delivery can be deferred for several years at the discretion of the deliverer. If delivery is deferred, the new delivery price is set to equal the prior contract price plus the current contango premium. The net amount that has been raised from external capital markets.
Compustat Change in cash position
Change in cash position excluding hedging cash flows. Compustat
Other control variables Net cash holdings
Cash and cash equivalents minus debt in current liabilities, in $Mill.
Compustat
Variables that proxy for the magnitude of financial constraints Firm size Real market value of assets in 1999 dollars, calculated using the producer price index for commodities. The market value of assets equals the book value of assets minus the book value of common stock plus the market value of equity.
Compustat, Bureau of Labor Statistics
Market-to-book ratio of assets Market value of assets divided by book value of assets. The Market value of assets equals the book value of assets minus the book value of common stock plus market value of equity. Investments can be financed externally and/or internally. A firm's financing net cash flow represents the net amount of external capital raised during the fiscal year. Sources of internal financing are a firm's operating net cash flow, which is defined by net income plus any non-cash items (depreciation, amortization, etc.). A second measure of internal financing is the change in the cash position, which reflects the extent to which cash resources have been depleted to finance various expenditures. Both of these cash flow variables are affected by hedging. To eliminate the hedging effect, I calculate a firm's hedging net cash flow by (the average gold spot price during the fiscal year -the gold price received) × the gold sold, and subtract this amount from the operating net cash flow and the change in the cash position. I also use a firm's net cash position, defined by cash and cash equivalents minus debt due in one year, to proxy for a firm's ability to finance investments with retained cash.
Compustat
There are several ways to measure the extent of hedging. Tufano (1996) measures the extent of hedging by a portfolio delta that represents the fraction of future gold production that has been hedged. Allayannis and Ofek (2001) define the extent of hedging by the notional principal of derivatives positions divided by the book value of assets. Graham and Rogers (2002) define the extent of hedging by the net notional principal and scale this variable by the book value of assets. According to Froot et al. (1993) , firms should hedge their future investment expenditures. I therefore define the extent of hedging by the ratio of the fixed future income stream over investment expenditures.
Finally, for the analyses of the decision and the extent of hedging, I need variables that proxy for financial constraints. Most variables are standard and have been used before in numerous studies. These are firm size, diversification measures, the market-to-book ratio of assets, dividend policy, concentration of ownership, the existence of a credit rating and debt and liquidity ratios. Pulvino (1998) argues that it is uncertain if a highly levered but also highly liquid firm is financially constrained. Similarly, no unambiguous inference can be drawn for a firm with little debt but also low liquidity. Pulvino therefore suggests the use of a dummy variable that equals one if a firm's quick ratio is below and its leverage ratio is 15 Alternatively, one could use current investment expenditures to proxy for next year's expected investment expenditures. Investments, however, are lumpy. Hence, actual future expenditures probably provide the better estimate than past investment expenditures. Most econometric results still hold if current investment expenditures are used, although the statistical significance is lower. 16 A survey sent to the sample firms revealed that gold producers do not tend to roll over derivatives contracts or expect to close out positions early, but instead match the maturity of the derivative with the maturity of the exposure hedged. The response rate of the survey was 25.4%. above the industry median and zero otherwise to identify financially constrained firms. A second dummy variable that equals one if a firm's quick ratio is above and its leverage ratio is below the industry median and zero otherwise identifies financially unconstrained firms. I also use these dummy variables in this study. However, I feel that the first variable more appropriately identifies firms that pursue an aggressive financial policy while the second variable identifies firms that pursue a conservative financial policy.
In addition to the standard proxy variables the available data allows me to calculate a firm's profit margins, which measures the probability of financial distress. This variable is defined by the difference between the spot price of gold and the cash production costs per ounce divided by the cash production costs. 17 It measures the sensitivity of a firm's cash flows to changes in gold prices and is negatively related to the probability that a mine becomes unprofitable due to a decline in the gold price. Since the cash flow of a high-cost firm is more sensitive to downside shocks than the cash flow of a low-cost firm, a firm with a narrower profit margin faces a greater risk of financial distress.
Results
This section first describes some characteristics of firms in the gold mining industry and then analyzes the determinants of a firm's fixed future income stream and of a firm's external financing net cash flow. Finally, this section presents tests that show if financial constraints affect the decision to hedge and the extent of hedging. Table III provides descriptive statistics of firms in the North American gold mining industry. The gold mining industry is composed of mostly small firms and a few senior producers. The median firm has a market value of assets of only $217 million, while only about 20% of firms have market values in excess of $1 billion (the sample mean). Most firms concentrate on mining activities only, as indicated by the generally high values of the Herfindahl index based on firms' business segment assets. The also relatively high values of the Herfindahl index based on firms' metals production indicate that most firms produce only one metal: gold. Other metals, such as silver, copper and lead, are usually by-products of the gold production. Despite the focus on only one business segment, profit margins are low. The average price at which gold producers sold their gold between 1989 and 1999 was only 29% above cash costs. 18 If one assumes the market-to-book ratio of assets to be a proxy for growth opportunities, then there appears to be a significant dispersion in the growth opportunities across firms. The market-to-book ratio ranges from 0.29 to 9.08 in the sample. The ownership of most gold mining firms is also dispersed. The mean fraction of shares held by corporations is 18% while the median is 0. The small size of most firms, the relatively low profit margins and the focus on gold mining only are some reasons why debt capital is relatively expensive. Consequently, the average debt level in the mining industry is only 23% of assets and is thus comparatively low. Most of this debt is private. Only 17% of firms actually have a credit rating and, if one exists, it tends to be below investment grade. It is therefore not surprising that the majority of firms (59%) do not pay cash dividends and maintain relatively high levels of liquid assets. The median quick ratio is 1.68 while the mean is 3.44. Last, it is noteworthy that the majority of firms (65%) use derivatives, but only 35% of firms that hedge with linear contracts use spot-deferred contracts.
A DESCRIPTION OF FIRMS IN THE GOLD MINING INDUSTRY
Table IV documents the differences between derivatives users and non-users with respect to the cash flow variables used in this study. Generally, firms that use derivatives are significantly larger than firms that do not use them. Their sales are about three times the sales of non-users. Operating net cash flows and investment expenditures are proportionally similar between hedgers and non-hedgers, i.e., these variables differ between hedgers and non-hedgers also by a factor of approximately three. However, firms that use derivatives appear to rely less on external and more on internal capital sources than firms that do not use derivatives. The financing net cash flow is proportionally low for hedgers, while their cash holdings as well as the change in cash holdings are proportionally large. More concretely, the median firm that does not hedge finances 100% of its investment expenditures externally, while the median firm that hedges finances only 86% of investments externally.
DO FIRMS HEDGE THEIR FUTURE INVESTMENT EXPENDITURES?
Hedging assures gold producers of a minimum revenue from their gold sales. As shown in Table IV , the average minimum revenue guaranteed by hedging (the fixed future income stream) is $84 million, which constitutes about one-third of a firm's net sales. In this section I investigate if this fixed future income stream is related to a firm's investment expenditures. Table V presents the results of regressions in which the fixed future income stream is regressed on investment expenditures and several control variables that measure the availability of internal and external financing sources. For example, a firm that anticipates accessing external capital markets requires less certainty about its revenue stream and thus needs to hedge less. The availability of external financing is measured by a firm's financing net cash flow, while the availability of internal financing is measured by net sales, the operating net cash flow, the change in the cash position, and the net cash holdings at the beginning of the period. Due to the high correlation between net sales and the operating net cash flow, these two regressors cannot be included in the same regression.
The first three columns in Table V show the results from the estimation of fixed-effects models on the pooled sample of derivatives users including all firmyears between 1989 and 1999. In all three regressions, a firm's future investment expenditures are an important determinant of the firm's fixed future income stream. None of the control variables is significantly different from zero except net sales. While some firms may also hedge their sales, this evidence is consistent with firms hedging their capital expenditures. Thus, through hedging, firms assure themselves of a fixed future income stream that covers some fraction of their future investment expenditures.
The previous analysis is based on the sample of derivatives users only. This approach would be warranted if the decision to use derivatives were random. However, previous research has shown that the decision to hedge is not random, which Table IV . Descriptive statistics of cash flow variables. This table contains descriptive statistics on firms' expenditures and financing sources for derivatives users and non-users. Table II contains descriptions of the variables. The ratio of the financing net cash flow over investment expenditures captures the maximum fraction of investment expenditures that are finance externally. This ratio is missing if the financing net cash flow is negative (a firm reduced the amount of external finance), and set equal to one if the amount of external finance raised is larger than the investment expenditures. The sample consists of 111 gold mining firms covering the years 1989-1999. There are a total of 595 firm-years. Medians, means, and percentiles are given in millions of US$ implies that the regression coefficients may be biased. To control for this selection bias I employ Heckman's selection model (see Heckman, 1976) . Unfortunately, the maximum likelihood estimation does not converge when the full panel data set is used. I therefore calculate time-series averages from the firm-year observations of a single firm. If a company hedged for only some of the years during the sample period, I calculate two mean values: one based on those firm-years in which the company hedged and a second one based on those firm-years in which the company did not hedge. The estimation results are reported in the last three columns of Table  V . A firm's investment expenditures appears again to be the most important determinant of a firm's fixed future income stream. A coefficient of about 0.6 implies that firms hedge 60% of their investment expenditures on average. Table II contains descriptions of all variables. All variables refer to the same time period except net cash holdings, which refers to the beginning of the period. The analysis is first performed on the pooled data set of all firm-year observations between 1989 to 1998 (derivatives users only), and then on a condensed data set, which consists of firm-means calculated from firm-year observations (all firms). All variables are scaled by the book value of assets to eliminate heteroscedasticity due to size effects. The Heckman regressions provide the second-step estimates of the Heckman selection model. In the first step (results not reported), the decision to hedge is modelled using the following regressors: size, leverage, quick ratio, Herfindahl index (metals production), market-to-book ratio, dividend dummy, credit rating dummy. and * * * denote significance at the 5% and 1% level respectively. 
HOW FIRMS FINANCE THEIR INVESTMENT EXPENDITURES
This section analyzes the determinants of a firm's financing net cash flow. In particular, I am concerned with the question of how firms typically finance their investment expenditures. Table VI presents correlation coefficients between firms' investment expenditures and internal and external financing sources. Irrespective of whether or not firms use derivatives, investment expenditures display the highest correlations with a firm's financing net cash flow (external financing). This result holds for levels and for changes. Thus, the correlation coefficients suggest that investments on average as well as the marginal investment project are financed externally rather than internally.
To test if a change in investment expenditures causes a change in the amount of external financing a firm raises, Table VII presents the results of regressions in which firms' financing net cash flows are regressed on firms' investment expenditures. The regressions are controlled for by other variables that measure the availability of internal funds and proxies for financial constraints. The analysis is conducted both on levels as well as on changes.
The coefficients on investment expenditures are statistically significant and economically large. They suggest a 1 : 1 relationship between investment expenditures and the amount of external financing raised. 19 The sensitivity between investment expenditures and the financing net cash flow is lower for firms that hedge. However, the coefficient on the interaction term is statistically significant in only one of the four regressions in Table VII . The regression results further indicate that firms that have high operating net cash flows and maintain large cash balances raise less external financing. These results are confirmed if the regression is controlled by variables that proxy for financial constraints. Given the relatively high R 2 's for a cross-section analysis, the data suggest that investment expenditures are an important determinant of how much external financing firms raise. Together with the previous finding, that firms' fixed future income stream is strongly positively related to future investment expenditures, this represents indirect evidence that firms hedge in order to reduce their dependence on external capital.
DO FINANCIAL CONSTRAINTS AFFECT IF AND HOW MUCH FIRMS HEDGE?
To provide a basis for comparison to previous studies in corporate risk management, I analyze the decision to hedge and the extent of hedging in this section. Since the determinants of the decision to hedge are likely to be different from the determinants of the extent of hedging I estimate a variant of the tobit model proposed by Cragg (1971) . The estimation of this model is performed in two steps. In the first step, a standard probit model is estimated to analyze the determinants of the decision to hedge. The dependent variable takes on a value of one if a firm hedges and zero otherwise. In the second step, a truncated model is estimated on the subsample of derivatives users only to analyze the determinants of the extent of hedging. The extent of hedging is defined as the fixed future income stream over investment expenditures. This ratio represents the fraction of future investment expenditures that have been hedged.
The results are reported in Table VIII . Consistent with previous studies, I find that larger firms and firms that face greater exposure to gold prices (i.e., firms that primarily produce gold) are more likely to use derivatives than smaller firms and firms that produce a variety of metals. A further important determinant of the decision to hedge is the amount of liquidity a firm holds. Firms that hold more liquidity are less likely to hedge, which suggests that firms hold liquid assets as a substitute for hedging. Somewhat puzzling, I find a negative relation between the market-to-book ratio and the decision to hedge. The market-to-book ratio may proxy for several variables. Previous research has used this variable to measure growth opportunities as well as corporate performance. 20 The negative coefficient would indicate that firms with fewer growth opportunities or below average performance are more likely to hedge. In the mining industry, the market-to-book ratio may also proxy for the maturity of a mining corporation. The primary activities in mining are exploration, development and production. A high market-to-book ratio may identify firms that are mostly involved in exploration and development and hence have a lot of growth options relative to their assets in place. A low marketto-book ratio may identify firms that are mostly involved in production and hence have fewer growth options relative to their assets in place. Since producers that are still in the exploration and development stages have no immediate transaction exposure to gold, they are less likely to hedge. Thus, if the market-to-book ratio captures the maturity of firms, then it would explain why more mature firms with relatively fewer growth options are more likely to hedge. I do not find statistically significant relationships between the decision to hedge and other variables that may proxy for the existence or the magnitude of financial constraints, such as asset diversification across different business segments, profit margin, ownership structure, dividend policy, existence of a credit rating, leverage, and whether a firm pursues an aggressive or a conservative financial policy. Given that large firms are more likely than small firms to hedge, which is opposite to what a financial constraints argument would predict, I conclude that financial constraints are unlikely to drive the decision to hedge on average.
With respect to the extent of hedging, there is some evidence that the marketto-book ratio, the credit rating dummy, and the quick ratio are all negatively related to the extent of hedging. In addition, the Herfindahl index (asset segments) appears to be positively related to the extent of hedging. These results would support the conclusion that the magnitude of financial constraints does affect the extent of hedging. However, the respective coefficients are not statistically significant in all regressions. So, the empirical evidence is weak.
Even though I did not find convincing evidence that financial constraints affect the decision or the extent of hedging, I do not think this is sufficient to reject Froot et al. (1993) model. As argued previously, it is controversial if the proxy variables are successful in measuring financial constraints. In addition, the extent of hedging has no clear theoretical relation to the magnitude of financial constraints. Furthermore, it is possible that some firms decide not to hedge, not because they are less financially constrained but because other concerns are more important to them, e.g., shareholders' preferences towards hedging. 21 In such a case, I would not expect to find a significant relation between financial constraints and the decision to hedge. In contrast, Froot et al. (1993) 
Credit rating dummy *, **, and *** denote significance at the 10%, 5%, and 1% level respectively.
Conclusion
This paper provides empirical evidence that is consistent with the hypothesis that firms hedge their future investment expenditures. Since investment expenditures are typically financed externally, but hedging cash flows are a form of internal financing, this finding implies that firms hedge to reduce their dependence on external capital markets. Consistent with this result, I find that firms that do hedge finance a smaller fraction of their investment expenditures externally than do firms that do not hedge. This result is significant not only because it gives credibility to Froot et al. (1993) theory of corporate risk management, but also because it suggests that a well-developed derivatives market can overcome some of the constraints imposed by a less-developed capital market.
